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Problems Related to Circadian Rhythms in Human Skin and
their Validation
To the Editor:
We read with interest the article by Yosipovitch et al (1998) about
time-dependent variations of skin barrier function in humans. Because
we believe that the subject of chronobiologic changes in skin properties
are of great interest for dermatologic and cosmetic research, we think
that several methodologic inconsistencies of this report need to be
pointed out.
1 The study was restricted to a 24 h span resulting from two
sessions of 12 h, 1 wk apart. In fact, time-related changes in the 24 h
scale were reconstructed rather than actually investigated. This way of
data collection is unusual – at least when studying circadian rhythms.
As has been suggested previously (Reinberg and Smolensky, 1983), a
supposed 24 h rhythmicity is best studied over a continuous time span
of at least 48 h, in order to validate the events over two consecutive
periods. The authors’ rational for their choice has not been explained.
2 In studying rhythmicity of biologic events, ‘‘marker rhythms’’
are of critical interest to show objectively that subjects are synchronized
(Haus and Touitou, 1990). Therefore reference variables such as cortisol
and/or melatonin should be routinely obtained during chronobiologic
studies (Frentz et al, 1991; Verschoore et al, 1993). Parameters of such
marker rhythms and also of transepidermal water loss and skin blood
flow are altered by oral contraceptives (Reinberg et al, 1996). The
intake of these drugs should therefore always be assessed in chrono-
biologic studies.
3 The authors state that they ‘‘found a statistically significant
circadian rhythmicity characterized by cosinor analyses in transepi-
dermal water loss, skin surface pH, and skin temperature in the forearm,
forehead and shin.’’ The cosinor method (Nelson et al, 1979) has been
used as the major statistical tool. Using the least square method, one
tries to find the best fitting cosine function approximating all data. It
is assumed that rhythmic changes are close to a cosine function with
a period of 24 h. When this occurs, the mean peak time location of a
rhythm (the acrophase φ) is given with rather narrow and symmetrical
confidence limits, e.g., φ 6 60 min with a 95% security. If the
experimental curve is far from a cosine function, as well as if data are
associated with an important noise, or both, confidence limits of φ are
spread asymmetrically over many hours. This is true even if the rhythm
appears to be detected by rejection of the null hypothesis for amplitude.
This means that the cosinor must be used with caution especially when
the sample size is small. From both a practical and a statistical point of
view, De Prins and Waldura (1993) have recommended not to use this
method when confidence limits of φ are larger than 6 2 h associated
with an asymmetrical distribution. In the paper by Yosipovitch et al
(1998, Table II), it appears, for example, that transepidermal water loss
peak time may be located between 10.30 and 19.30 h (with φ 5
18.00 h 11 h 30 min/–7 h 30 min) or that the shin pH peak time
may be located between 05.30 and 14.30 h (with φ 5 11.00 h 13 h
30 min/–5 h 30 min). This dramatic lack of precision clearly means
that the cosinor cannot be used in these cases, presumably because
none of the documented rhythms are close to a cosine function.
According to De Prins, the fact that 95% confidence limits are
asymmetrical, with respect to the mean acrophase (φ), also leads one
determines whether contact hypersensitivity or unresponsiveness follows skin painting
with DNFB. J Immunol 124:445–453, 1980
Ullrich SE: The role of epidermal cytokines in the generation of cutaneous immune
reactions and ultraviolet radiation-induced immune suppression. Photochem Photobiol
62:389–401, 1995
Yoshikawa T, Streilein JW: Genetic basis of the effects of ultraviolet light B on cutaneous
immunity. Evidence that polymorphism at the TNFα and Lps loci governs
susceptibility. Immunogenetics 32:398–405, 1990
to conclude that the results are of very doubtful value. Moreover we
were surprised to find a set of nice looking cosine curves instead of
figures displaying raw data. In this case cosine curves are just misleading
the reader not familiar with circadian rhythms studies, without adding
to the knowledge of chronobiologic changes of the skin.
We believe that such a presentation of data inhibit rather than help
progress in the research of circadian rhythms.
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Reply:
In response to the critical remarks by Reinberg et al concerning our
paper ‘‘Time-dependent variations of the skin barrier function in
humans: transepidermal water loss, stratum corneum hydration, skin
surface pH and skin temperature’’ (Yosipovitch et al, 1998), we present
the following comments.
First we would like to thank Reinberg et al for bringing to our
attention one of their articles on circadain rhythms in skin (Reinberg
et al, 1996) that was published after our article was written.
Study spans of 48 h are desirable and feasible with noninvasive
monitoring equipment but are difficult with time-consuming
measurement techniques that interfere with the subjects studied. Tiring
and sleep deprivation of the subjects (and investigators) can obviate
any advantage a 48 h study might provide. The interference with the
subjects was minimized in our study by extension of the study over
